The distribution of neurons in the ganglion cell layer (GCL) of the vertebrate retina has been extensively studied. A visual streak and/or area centralis-type specialization has been shown in most of the mammalian (HUGHES, 1975; WASSLE et al., 1975; STONE, 1978; PROVIS, 1979; RAPAPORT and STONE, 1984) as well as in several non-mammalian species: in chicks (EHRLICH, 1981; STRAZNICKY and CHEHADE, 1987) , turtles (PETERSON and ULINSKI, 1979) and in anurans (DUNLOP and BEAZLEY, 1981; NGUYEN and STRAZNICKY, 1989) .
Reptiles are known to have acute vision and a corresponding highly organised retina. The presence of a well developed visual streak in the GCL has been reported in the turtle retina (PETERSON and ULINSKI, 1979) . In the lizard Anolis carolinensis, within the visual streak, two foveal specializations have been found (UNDERWOOD, 1951) . Transverse sections of the retina in the parafoveal region of this species have revealed at least six cell layers (FITE and LISTER, 1981; MAKARETZ and LEVINE, 1980) . In a recent study, the non-uniform distribution of neurons of the GCL in the form of a visual streak has been described in the retina of six Australian lizard species (WILHELM and STRAZNICKY, 1991) . Although we have estimated the numbers of neurons in the GCL in these species, the multilayered nature of the visual streak clearly indicated that reliable estimates of cell numbers can not be obtained from wholemount preparations.
The paucity of data on the numbers and distribution of neurons in the GCL in reptiles and, in particular, in lizards led us to carry out the present study. We wished to address two related problems: the distribution of neurons in the GCL and the comparability of the estimation of cell numbers obtained from retinal wholemounts and sectioned material. In the latter case the estimated neuron numbers of the GCL were compared with optic fibre counts in the optic nerve.
MATERIALS AND METHODS
Three adult lizards, Ctenophorus nuchalis (Agamidae), were collected in the arid part of South Australia and kept in laboratory conditions for a short period of time. The animals were anaesthetised with an intraperitoneal injection of brietal sodium, decapitated, and the eyes were removed from the orbit.
Preparation of retinal wholemounts
The cornea, the sclera, the pigment epithelium, the lens and the pecten were removed. Neural retinae were fixed in buffered f ormalin (10%) for 6 days, washed in salinated phosphate buffer (PBS), and the vitreal tissue and the ciliary body removed. A series of radial cuts was made in each retina and the tissues were flat munted on gelatinized slides, with the GCL lying uppermost. Specimens were air dried, treated in a 8:1:1 mixture of chloroform-ether-absolute alcohol for 20 min, then rehydrated.
Wholemounts were stained with cresyl violet (1%, 3 min), quickly dehydrated and coverslipped in Depex (STONE, 1981) .
Retinal cross sections In two animals, the left eyes were fixed in buffered f ormalin overnight, dehydrated, and the dorsal two thirds of the eye embedded in paraffin. Part of the retina that contained the visual streak was serially sectioned at 5,um, and the sections stained with haematoxylin and eosin.
Optic fibre counts Two optic nerves were dissected and immersion fixed in 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.4) for 16 h, followed by 6 h washing. The samples were post fixed in 1% buffered 0504 for 1 h, dehydrated through an alcohol series, and embedded in Durcupan ACM resin. Semithin sections were cut to determine the cross-sectional area of the optic nerve. One eye was wholemounted, while the other eye of the same animal was embedded in paraffin and sectioned serially as described above.
Morphometric analyses
Both the wholemounts and sections were drawn with the aid of a camera lucida. Areas were measured on a HIPAD digitizer pad linked to North Star Horizon computer. Cells of the GCL were counted in 150pmx 150um areas, delineated by an ocular square grid. Sampling was carried out across the entire retina in 0.5mm steps. Isodensity maps were then constructed, from which the total cell number of the GCL was estimated by calculating cell numbers within each Isodensity area, and the numbers were totalled. In wholemounts the soma sizes of 200 cells were measured in the retinal centre and periphery.
The number of cell layers in the GCL and their retinal extent were plotted on camera lucida drawings prepared from each section. A map of the changing numbers of cell layers in the visual streak/area centralis was reconstructed from these drawings. In half of the sections the cell numbers-corresponding to layers 2 to 9 on the drawings-were counted (only those whose nucleolus was in the plane of the section). The cell density of a block of tissue was estimated (numbers/mm3) using the drawings of the visual streak area, and the cell counts obtained from the sections. The map was digitized, in which all of the areas corresponding to the different numbers of layers in the GCL were measured. The total number of neurons within the visual streak was obtained by summing up the calculated numbers.
The areas of the vascular bed in the optic nerve were measured and subtracted from the total surface area of the optic nerve. Ultrathin sections were prepared and stained with lead citrate. Two hundred and thirty photomicrographs were taken at 7,500>< magnification in 60 ji m steps, amounting to about 6 of the fibre-containing surface of the optic nerve. The myelinated and unmyelinated fibres were counted from each photomicrograph (11.1umx9.5um sample areas), and the total optic fibre numbers were calculated by proportionality. 
RESULTS

Wholemounts
In three wholemount preparations (RI, R2, and R3), neuron numbers of the GCL were counted and their retinal distribution established (Table 1) . Retinal surface areas were 72.6mm2 (Rl), 93.6mm2 (R2) and 115.0mm2(L3). The lowest density was found in the ventral peripheral retina, 1000/mm (Rl), 1100/mm (R2) and 1100/mm2 (L3), with the highest density in the central retina, 5250/mm2 (R1), 13000/mm2 (R2) and 11000/mm2 (L3). The calculated total cell numbers were 207,000, 380,000 and 361,000, respectively. A representative isodensity map of wholemount L3 is shown in Figure 4a . It shows that the visual streak and the highest cell density area (area centralis) are located close to and above the optic nerve head. Whilst cell densities decreased considerably, cell sizes increased towards the ciliary margin (Fig. la,  b) . In the retinal centre, mostly small cells were found (Fig. 1c, d ). From the midcentral retina outwards, large multipolar cells started appearing (Fig. la) . The dominating feature of the cell population adjacent to the ciliary margin was the increased frequency of large neurons with substantial amounts of Nissl substance in their somata (Fig. 1b) .
Soma size measurements obtained from the central and peripheral parts of the retina (Fig. 2a, b) showed a wide range of cell sizes. At 2.9mm eccentricity, most of the cells ranged from 4 to 8 pmt. Some very small cells (1um2) were also measured. At 7.5mm eccentricity, three soma size ranges could be distinguished. The smallest range (from 30 to 93um), could include small GCs, displaced amacrine and glial cells; the second range had (from 93 to 183u m2) medium size GCs; and the third range (soma size extended to 255,um2) contained mostly large to very large GCs. These soma sizes corresponded to large multipolar GCs with ample Nissl substance in their somata.
Serial sections Serial sections of the visual streak of the retina L1 showed a stratification of the GCL extending from 2 to 9 layers (Fig. 3) . It was not possible to determine the number of layers in a small part of the area centralis-like specialization, due to the high packing density of very small cells. Therefore, counts in this portion of the retina were included in the wider area delineated by 7-9 cell layers. Cell counts obtained from serial sections across the visual streak are summarised in Table 2 . Our estimation indicated that approximately 90% of the cells in the GCL were located within the visual streak. This area was measured to be 12.81mm2, with a 3.66mm2 region of peak cell density (containing about 50% of neurons of the GCL), corresponding to the area centralis. The total neuron number was 2,100,000 within the multilayered visual streak, and 1,107,000 in the area centralis-like formation (Fig. 4b, c) .
Optic axon counts The diameter of the optic nerve in the living animal was approximately 1.3mm, and 1.0mm after fixation due to postfixation shrinkage (Fig. 5a ). The number of optic axons in the optic nerve of eye L3 was estimated to be 2,790,000 (147,000 myelinated [5.26%] and 2,643,000 non-myelinated [94.7%] fibres). Both fibre types were non-uniformly distributed within the nerve; the ventromedial part contained far more myelinated fibres per unit area than other areas (Fig.  5c, d ). The diameter of the non-myelinated optic axons ranged from 80nm to 300nm, while that of the myelinated axons from 400nm to 3,um. The retinal surface of the corresponding eye (L3) was 115.5mm2; the total cell number estimated from the wholemount was 361,000 cells (Fig. 4a) , while the total cell number in the contralateral retina (R3) from serial sections was estimated to be 3,411,000. Thus, there was a difference of 18.2% between the estimated number of the optic axons and total number of the neurons in the GCL.
Estimations on the basis of averaging numbers of the optic fibres from individual photographs does not give significantly different results from our countings (with 95% confidence intervals p<0.05). In this way 1.71% more fibres were estimated, so that in our case 
DISCUSSION
We have studied the numbers and the distribution of cells in the GCL in the Australian lizard Ctenophorus nuchalis. Our results showed a non-uniform distribution of neurons in the GCL in the form of a visual streak/area centralis. The estimation of cell numbers from serial sections of the visual streak of the GCL indicated that about 90% of all neurons were located in this part of the retina. The comparison of the obtained numbers of optic axon counts and neurons of the GCL showed that about 18% of the cells in the GCL are displaced amacrine and glial cells.
Three major parameters of the structural organization of the GCL necessitate further consideration when the present results are compared with previous observations:
1) the total cell numbers, 2) the presence of a visual streak and/or area/fovea centralis, 3) the ratio of the ganglion cells within the total cell population.
Total cell numbers of the GCL
The estimated neuron numbers in the GCL and cell densities obtained from the wholemount preparations in Ctenophorus compare well with the results of similar studies in the turtle (PETERSON and ULINSKI, 1979) . However, our analysis of the area centralis/ visual streak in Ctenophorus yielded a much higher cell number than was estimated from wholemounts. In wholemount preparations, the multilayered area centralis/visual streak did not allow an accurate estimation; hence, the total cell numbers of the GCL were systematically underestimated. The difference in cell numbers in one animal, where one eye was used as a wholemount (207,000) and the other as sectioned material (2,270,000) showed a considerable discrepancy, indicating the inadequacy of determining total cell numbers only from wholemounts.
Our present study showed a continuous range of soma sizes both in the central and peripheral retina. The central retina contained very small cells with a very high packing density. A small number of large GCs with well developed Nissl substance were found only in the peripheral retina. These cells were morphologically similar to large GCs of the peripheral retina reported in the turtle (PETERSON and ULINSKI, 1979) and chick (EHRLICH, 1981) . The very small soma size ranges in the retinal centre may correspond to different cell types including glia, displaced amacrine cells GCs with very small soma size and axon caliber.
Distribution of neurons in the GCL
The isodensity maps of the wholemount preparations indicated the presence of a nasotemporally extending visual streak, with an area of peak cell density located in the retinal centre. Recent studies have shown the presence of the visual streak in six taxonomically unrelated lizard species (WILHELM and STRAZNICKY, 1991) . The bulk of the visual streak in Ctenophorus contained 2 to 4 cell layers which increased to 5 to 9 layers in the area centralis-like specialization.
Previous studies in goldfish (MEDNICK and SPRIN-GER, 1988) and in the aquatic frog Xenopus laevis (DUNLOP and BEAZLEY, 1984; GRAYDON and GIORGI, 1984) have shown that neurons of the GCL are about uniformly distributed across the retina. The retinae of all terrestrial frogs with acute vision contain a well developed visual streak (Hyla raniceps, BOUSFIELD and PESSOA, 1980; Heleioporus eyrei, DUNLOP and BEAZLEY, 1981; Rana pipiens, SCALIA et al., 1985; and Bufo marinus, NGUYEN and STRAZNICKY, 1989 ).
However, due to the relatively shallow centre to periphery density slope of about 6 to 1, neurons of the GCL are still distributed in a single layer. The reptile retina has been shown to contain a visual streak (PETERSON and ULINSKI, 1979) and an area centralis-like specialization (FITS and LISTER, 1981) . Previous observations on the retina of Anolis carolinensis lizard have described the presence of two foveae (FITS and LISTER, 1981; MAKARETZ and LEVINE, 1980) . These studies have shown a high cell density and stratification of the GCL around the foveal pits. A corresponding concentration of photoreceptors over these areas has also been observed. Both of these specializations of the GCL were seen in Ctenophorus. This foveal organization is similar to those found in the primate retina (CURCIO and ALLEN, 1990 ). Although we did not determine the ratio between photoreceptors and ganglion cells, in retinal cross sections, the increasing density and the stratification of photoreceptor cells appeared around the area centralis.
An area centralis has been observed in birds (EHR-LICH, 1981; STRAZNICKY and CHEHADE, 1987) and in a number of mammalian species (HUGHES, 1975; RAPAPORT and STONE, 1984; WASSLE et al., 1975) , whereas a fovea centralis is characteristic in primates (STONE and JOHNSTON, 1981; CURCIO and ALLEN, 1990) . The presence of a visual streak has also been reported in some mammalian species (rabbit: HUGHES, 1971; VANEY and HUGHES, 1976; PROVIS, 1979; grazing animals: HUGHES, 1977) . The above data tempt us to speculate that, during evolution, the three types of retinal specializations -the visual streak, the area centralis and the fovea centralisappeared earliest in reptiles. In some lizards part of the visual streak forms a multilayered structure, the area centralis, that may have further developed and become the fovea centralis.
Ratio of ganglion cells in the GCL
The number of optic axons in Ctenophorus can be correlated with the number of ganglion cells, since the number of displaced GCs is negligible in any vertebrate species (BURL and DANN, 1988; FITS and LISTER,1981) . The excess cell number in the GCL can be accounted for by the presence of glial cells and displaced amacrine cells. Since the displaced amacrine cells outnumber glial cells many times in the retinae of the cat (HUGHES, 1977) , chick (EHRLICH, 1981) and anura (DUNLOP and BEAZLEY, 1981; NGUYEN and STRAZNICKY, 1989) , the same probably holds true for lizards. However, in the turtle retina a substantial proportion of cells in the GCL which could not be filled retrogradely with horseradish peroxidase showed morphology characteristic of glial cells (PETERTSON and ULINSKI, 1979) .
The number of displaced amacrine cells in the GCL varies considerably among vertebrate species, 11-25% in anurans (DUNLOP and BEAZLEY, 1981, 1984; NGUYEN and STRAZNICKY, 1989) , 5-7% in the turtle (PETERSON and ULINSKI, 1979) , 22-35% in the chick (EHRLICH, 1981) and 10-80% in mammals (PROVIS, 1979; VANEY and HUGHES, 1976; VANEY, 1990) . Our estimate of up to 18% displaced amacrine cells in Ctenophorus is closer to the percentages obtained in various vertebrate species than that reported in the turtle (PETERSON and ULINSKI, 1979) . The accurate determination of the ratio of displaced amacrine and glial cells in the GCL requires further investigations.
The number of optic axons was found to be very similar to that reported in the chick, but the percentage of the unmyelinated fibres in the Ctenophorus optic nerve (95%) was much higher than in the chick (6.3 %) (RAGER, 1980) . Axon calibers of myelinated and unmyelinated optic fibres in Ctenophorus were comparable to the chick. It appears that the number of unmyelinated optic axons and their percentage within the entire optic fibre population is inversely proportional to the phylogenetic status of the animal.
